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1) The mucosa of the colonic inner surface is a typical electrolyte-transporting epithelium, which is able to move large quantities of ion and water from the mucosal side to the blood side and vice versa.
2) It has been reported that the net absorption of water, sodium and chloride, 3) as well as amiloride-sensitive shortcircuit current (I SC ) 4) was dominant in distal colon than that in proximal colon, and the same activators could induce various responses in the different segments of colon. 1, 6) Nobles et al. reported that the distal segments of the rat colon were more sensitive to carbachol (CCh), a Ca 2ϩ pathway activator, as well as forskolin, a cAMP pathway activator 5) which provide the evidences for the segmental specificity with regard to the intracellular signaling pathway responsible for the activation of secretion. Using PCR technique, Greig et al. found that the expression of ENaC (epithelial Na ϩ channel) was different between the rat proximal colon and distal colon. 7) Recently, the segmental heterogeneity of endogenous prostaglandin was also reported to contribute to the differences in human colon secretory responses. 1) Ion transport in gastrointestinal tract is under the control of neurotransmitters and hormones.
8) The distribution of various kinds of receptors is also different in both segments of distal and proximal colon. Norepinephrine produced segment-specific effects on ion transport via different kind of receptors. 9) However, most studies were undertaken to investigate the differences between the proximal and distal colon 3, 10) or between the colon and rectum.
11) During our study, we found that even within the rat distal colon, the responses difference to stimulants also existed in the different segments. But there are a limited number of studies performed to compare the distinction. In the present study, the segmental heterogeneity of epithelial responses to different stimulants and its possible mechanism were investigated in rat distal colon.
MATERIALS AND METHODS

Solutions
The Ussing chamber experiments were carried out in Krebs-Henseleit solution (K-HS) contained (in mM): NaCl, 117; KCl, 4.7; MgCl 2 , 1.2; KH 2 PO 4 , 1.2; NaHCO 3 , 24.8; CaCl 2 , 2.5; glucose, 11.1. The solution was bubbled with 95% O 2 -5% CO 2 to maintain the pH of the solution at 7.4; temperature at 37°C. Tissue Preparation Animal protocols followed guidelines established by the NIH and were approved by Animal Care and Use Committee, Capital University of Medical Sciences. Adult male Sprague-Dawley rats (Laboratory Animal Services Center, Capital University of Medical Sciences) ranging in weight from 200 to 300 g had free access to standard rodent laboratory food and water until the day of the experiments. The animals were killed by cervical dislocation. The distal colon was removed and defined as the ca. 7 cmlong segment proximal to the lymph node (typically situated 3 cm apart from the anus).
1) Then the distal colon was divided into 4 segments, termed DC 1 (near by lymph node), DC 2 , DC 3 and DC 4 , respectively. According to our previous research, we found that the differences existed in the four segments, especially between DC 1 and DC 4 . Therefore, in the present study rat distal colonic mucosa were taken out to investigate the segmental difference of membrane electrophysiologic properties by comparing DC 1 and DC 4 with I SC recording technique. Every DC 1 and DC 4 were cut along the mesenteric border into a flat sheet and flushed with ice-cold Krebs-Henseleit solution (K-HS). The tissue was pinned flat with the mucosal side down in a Sylgard-lined petri dish containing ice-cold oxygenated solution. The serosa, submucosa, and muscular layer were stripped away with fine forceps to obtain a mucosa preparation. Short Circuit Current Measurement The short-circuit current was measured in vitro in Ussing chambers. Flat sheet of colonic mucosa preparations were mounted between two halves of modified Ussing chambers, in which the total cross-sectional area was 0.5 cm 2 . The mucosal and serosal surfaces of tissue were bathed with 5 ml K-HS by recirculation from a reservoir maintained at 37°C during the experiments. The K-HS were bubbled with 95% O 2 and 5% CO 2 to maintain the pH of the solution at 7.4. Drugs could be added directly to the apical or basolateral side of epithelium. Responses were continuously recorded by computer. Transepithelial potential difference for every colonic mucosa was measured by the Ag/AgCl reference electrodes (Physiologic Instruments, P2020S) connected to a preamplifier that was in turn connected to a voltage-clamp amplifier VCC MC6 (Physiologic Instruments). The change in I SC was calculated on the basis of the value before and after simulation and was normalized as current per unit area of epithelial (mA·cm Ϫ2 ), which allowed the curve area to be calculated (mA·min).
Drugs 5-HT, Forskolin, indomethacin, Amiloride, Ach (acetylcholine), Atropine, GR113808 and SB-204070 was obtained from Sigma Chemical Company (St. Louis, MO, U.S.A.). Stock solutions of some chemicals were dissoluted in dimethyl sulfoxide (DMSO). Final DMSO concentrations never exceeded 0.1% (vol/vol). Preliminary experiments indicated that the vehicle did not alter any baseline electrophysiolodical parameters.
Statistics The data were expressed as meansϮS.E.M. (standard error of mean), "n" refers to the number of tissue preparations used from same and different animals. Comparisons between groups of data were made via Student's paired or unpaired t-test. A "p" value of less than 0.05 was considered statistically significant.
RESULTS
Baseline Effects of Indomethacin in DC 1 and DC 4 After an equilibration time of 30 min, the baseline short-circuit current (I SC ) and the transepithelial resistance (Rte) were 20.8Ϯ2.8 mA·cm Ϫ2 and 87.8Ϯ6.6 W·cm 2 in DC 1 , and 40.5Ϯ1.9 mA·cm Ϫ2 and 78.5Ϯ6.7 W·cm 2 in DC 4 , respectively (meanϮS.E.M., nϭ12). The baseline I SC between the DC 1 and DC 4 were significant difference (pϽ0.0001).
It has been reported that the various secretory responses to stimulants can be explained by differences in the action of endogenous prostaglandin. 1) In the present study, therefore, indomethacin (10 mmol/l), a cyclo-oxygenase (COX) inhibitor, was routinely used to abolish endogenous prostaglandin production in the following experiments. Basolateral application of indomethacin resulted in a significant difference between the reduction of the baseline I SC values by Ϫ10.1Ϯ3.9 mA·cm Ϫ2 in DC 1 and Ϫ28.2Ϯ3.9 mA·cm Ϫ2 in DC 4 (pϭ0.0008, nϭ15; Fig. 1) .
Effects of Ach and 5-HT in DC 1 and DC 4 To investigate the segmental heterogeneity of epithelial responses to different stimulants in rat distal colon, extraneous Ach (acetylcholine) and 5-HT were used in this study. Ach (10 mmol/l, basolateral side) evoked a great I SC rise in both DC 1 and DC 4 . The curve area for 10 min of DC 4 (1062.0Ϯ249.5 mA·min) is significant much larger than that in DC 1 (423.5Ϯ109.0 mA·min; pϭ0.013, nϭ5; Fig. 2a ). Basolateral pretreatment with atropine (muscarinic cholinergic receptor antagonist, 10 mmol/l) for 10 min totally blocked Ach-induced DI SC increases in both DC 1 and DC 4 (Fig. 2b) .
After added 5-HT (10 mmol/l) to the basolateral side, the curve area of 15 min were calculated. They were 1474.0Ϯ 122.9 mA·min in DC 1 and 2110.0Ϯ124.9 mA·min in DC 4 , respectively (pϭ0.0007, nϭ10; Fig. 3a) . 5-HT 4 receptor antagonist GR113808 (1 mmol/l, basolateral side) and SB-204070 (10 mmol/l, basolateral side) totally blocked 5-HT induced I SC increases in both DC 1 and DC 4 (Fig. 3b) .
Effects of forskolin in DC 1 and DC 4 To get ride of the receptors-mediated segmental difference of epithelial ion transport, forskolin, an adenylate cyclase activator without receptor mediated, was chosen to investigate the direct effect of stimulant on colonic ion transport. Apical addition of foskolin (1 mmol/l)-induced I SC increase in DC 1 and DC 4 still has significant difference (pϭ0.0233, nϭ5; Fig. 4) . The curve area for 10 min was 33.1Ϯ5.2 mA·min in DC 1 and 109.6Ϯ19.1 mA·min in DC 4 .
Effect of Amiloride on the Ach, 5-HT and Foskolin Induced I SC Responses in DC 1 and DC 4 It has been reported that the rat distal colon exhibits a marked amiloride-sensitive electrogenic Na ϩ transport. 5) Then, amiloride was used in this present study to eradicate the effect of Na ϩ abosorption. Our results indicated that the amiloride (10 mmol/l, apical side)-induced I SC decrease in DC 1 (Ϫ17.7Ϯ4.4 mA· cm
Ϫ2
) was larger than that in DC 4 (Ϫ4.6Ϯ1.0 mA·cm Ϫ2 ). Moreover, after pretreated with amiloride, Ach, 5-HT and foskolin-elicited I SC increases were 360.9Ϯ77.4 mA·min, 1316.0Ϯ86.5 mA·min and 330.0Ϯ40.4 mA·min, respectively in DC 4 which was still significantly larger than that in DC 1 , 143.8Ϯ33.8 mA·min, 1006.0Ϯ73.5 mA·min and 178.9Ϯ 29.7 mA·min, respectively (Fig. 5) . Vol 
DISCUSSION
The present study has demonstrated that the different segments of rat distal colon exhibited diverse basic electrophysiological properties. Baseline I SC in DC 4 was significantly higher than that observed in DC 1 , although the transepithelial resistance has no significant difference between DC 1 and DC 4 which was consistent with the results of previous reports. 12, 13) It has been reported that a spontaneous production of neuronally acting prostaglandins in rat distal colon. 6) Park et al. found that suppression of prostaglandin biosynthesis decreased the secretory responses to the CCh and forskolin in human rectum and increased the sensitivity of the tissues to CCh and forskolin in human ascending colon, and they considered that the clear segmental heterogeneity with regard to electrogenic secretion between ascending colon and rectum can be explained by differences in the action of endogenous prostaglandin.
1) Therefore, in our present research, indomethacin, a cyclo-oxygenase (COX) inhibitor, was routinely used to get rid of the effects of endogenous prostaglandins.
Except the segmental variation of spontaneous I SC in the basal conditions, the segmental dissimilitude of rat distal colon was also existed in the stimulants (Ach, 5-HT and forskolin)-evoked current response. Our results indicated that the response differences to various stimulants were existed no matter which kinds of receptor or intracellular signaling pathway were involved in for the following reasons. First, during our experiments, muscarinic receptor antagonist, atropine, totally blocked the responses induced by Ach. Muscarinic receptor has been identified coupled to the PLC-IP 3 and Ca 2ϩ pathway in the colonic epithelium. 14) Secondly, 5-HT 4 receptor antagonists completely inhibited 5-HT-elicited I SC increase in the present experiment and our previous research, 15) which suggest that 5-HT elicited ion transport in rat colonic epithelial cells directly via 5-HT 4 receptors. It is well known that 5-HT 4 receptor activation stimulates cyclic AMP (cAMP) production. 16) Finally, in addition to these stimulants, foskolin, a cAMP activator, was used to directly increase intracellular cAMP concentration without combined with any receptor. The DC 4 segments were also more sensitive to it. Consequently, we assumed that the differences in responses between the DC 1 and DC 4 are more likely related to the final pathway of epithelial ion transport, the ion channels and membrane proteins. Inagaki et al.'s investigation and our experiments revealed the dissimilar effect and expression of the epithelial Na ϩ channel (ENaC) in different distal colonic segments. 4) These results indicated that the segmental heterogeneity of colonic ENaC existed in rat colon. There are various kinds of membrane proteins involved in epithelial ion transport. For examples, Cl Ϫ secretion plays an important role in colonic ion transport. In order to obtain Cl Ϫ secretion, the epithelium needs an uptake mechanism for Cl Ϫ (Na
Ϫ cotransporter, NKCC), an apical Cl Ϫ channel (this should be CFTR) and K ϩ channels to generate a driving force for Cl Ϫ exit. Then, the segmental differences of basal electrophysiological properties and epithelial responses to different stimulants were probably due to the different distribution of these ion channels, exchangers or cotransporters. Although Park et al.' s finding demonstrated that the expression levels of CFTR, KCNQ 1 , and CLCA 1 had no difference between the human ascending colon and rectum, and they regarded that the segmental heterogeneity in response was not originated from the differences in the ion channel distribution.
1) The results appear to contradict our hypothesis, and this can be explained in two ways. 1) It is probably due to the speciesbased differences in the contribution of ion channels.
2) The specimens in the study of Park et al. were obtained from rectum and proximal ascending colon. Conversely, we used different segments of rat distal colon, and this may be the reason for our different results. Further studies are required to elucidate the detailed distinction of membrane proteins involved in the ion transport between distal colon segments nearby and far from rectum.
In conclusion, the segmental heterogeneity of basal electrophysiological properties and epithelial responses to different stimulants exists in rat distal colon. And this difference is expected to relate to the different distribution of membrane proteins involved in the ion transport.
